The ribosome content of E. coli varies with the conditions of growth. If it is assumed that all ribosomes are actively engaged in the synthesis of polypeptides, the rate of protein synthesis per ribosome is constant over a wide range of growth rates.' That the variation in the number of ribosomes reflects an important regulatory mechanism is emphasized by the immediate effects of transfer to a different growth medium. When the medium is enriched (a shift-up), ribosome synthesis at once increases, and in step with the increase in number of ribosomes the rate of protein synthesis rises above the preshift rate.2 Chloramphenicol is known to dissociate the synthesis of RNA from that of protein and it has been proposed that the former may be controlled by the degree of saturation of transfer RNA with amino acids.3 A similar idea was developed from a genetic analysis of strains of E. coli which do not stop synthesizing RNA when deprived of an essential amino acid.4 To analyze this problem further, we decided to search for mutants which for any one of several possible reasons have an RNA conltent, under defined conditions of growth, significantly different from that of the parent strain. This paper describes the isolation and some of the properties of such a mutant of E. coli.
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Materials and Methods.-The strain used was Escherichia coli 15 Thy-Pro-Smr (referred to as 15 TP). The selection procedure will be described in detail elsewhere. It is based on the fact that cells with different ratios of RNA to protein differ significantly in density and can be separated by centrifuging to equilibrium in density-gradients of potassium tartrate or Cs2SO4. After mutagenesis with N-methyl-N'-nitro-N-nitrosoguanidine, and growth in broth to permit expression of mutations, the bacteria were centrifuged in a density gradient and cells isolated from below the main band of bacteria. Several strains with ratios of RNA to protein greater than that of the parent, when grown under the same conditions, have been isolated, and one of these, strain 15-28, has been studied in detail. It has the same requirements as 15TP and is resistant to streptomycin.
Cultures were grown with forced aeration at 370 in a Tris-salts medium' containing glucose (0.2%), thymine (10 jig/mI), and proline (50 ug/mi), or in the same medium enriched with vitamnim-free casamino acids (1%). Turbidities were measured at 450 mny ir 1-cm cuvettes. The RNA, DNA, and protein contemits of whole cells were determined as described previolusly,5 except that lysozyme was used as a standard in the measurement of protein awid deoxyadenosinie for DNA.
Cell-free extracts were prepared by brief treatment (30-60 sec) at 00 with a MSE-Mullard ultrasonic disintegrator. The cells were suspended in I or 2 ml of 0.01 M Tris succinate (TS) buffer, pH 7.4, containing either 0.1 mM magnesium acetate or 10 mM magnesium acetate and 0.1 M KC1. Deoxyribonuclease (10 Ag/ml) was added, and unbroken cells and insoluble debris were removed by centrifugation. RNA was isolated by phenol extraction and ethanol precipitation, and analyzed by chromatography on kieselguhr coated with methylated albumin. 6 Sedimentation analysis of cell-free extracts was carried out at 2-4°in linear density gradients of sucrose (5-20% w/w in 25 ml of the appropriate buffer). After centrifugation the bottom of the tube was punctured and 0.6-ml fractions were collected.
Radioactivity measurements were made on material insoluble in cold 5% trichloroacetic acid with nonradioactive bacteria as carrier. The precipitates were collected on membrane filters and 141 dried at 600 for at least 1 hr. After addition of 5 ml of scintillation fluid (4.0 gm 2,5-diphenyloxazole and 50 mg 1,4-bis-2-(4-methyl-5-phenyloxazolyl) benzene in 1000 ml toluene), the samples were counted in a Nuclear-Chicago model 720 scintillation counter.
The efficiency of the 70S ribosomes to support protein synthesis in vitro was estimated as follows: Cell-free extracts were prepared in the buffer used for the assay and incubated for 40 min at 360 with a source of adenosin'e 5'-triphosphate (pyro) (ATP) and a complete mixture of amino acids to allow endogenous mRNA to decay. The ribosomes in the preincubated extract were collected by centrifuging for 60 min at 100,000 X g and resuspended in a small volume of the same buffer. The coarse material was removed by centrifugation and the ribosome suspension layered on a sucrose gradient. After centrifuging for 51/2 hr at 53,000 X g, the fractions containing the 70S ribosomes were collected and the particles concentrated by centrifugation at 100,000 X g for 60 min. The incorporation system, based on that of Nirenberg and Matthaei,' contained: (1) Cell-free extracts of 15-28, prepared in TS buffer with 0.1 mM Mg++ to dissociate 70S ribosomes into their 30S and 50S subunits, were centrifuged in sucrose density gradients and found to contain a considerable amount of material sedimenting between the 30S and 50S particles, which was not present in significant amounts in ex-tracts of 15 TP (Fig. 2a) . Using the shapes of the 30S and 50S peaks in the preparation from 15TP as reference, the amount of radioactivity present in the 30S and 50S ribosomes in 15-28 can be estimated. By subtraction, the extra material in this strain is then found to form an approximately symmetrical peak with a sedimentation coefficient of 42 to 44S (Fig. 2b) . The same results were obtained whether the cells were grown in glucose-minimal medium or in medium enriched with casamino acids. The relative excess of 30S particles in 15-,28, when compared to the normal ratio of 16S to 23S ribosomal RNA, suggests that the 43S particles contain 23S RNA. This was confirmed by chromatography of RNA extracted from the particles with phenol. It was shown further that the 43S particles are degraded by ribonuclease under conditions where 30S and 50S ribosomes are relatively unaffected. In extracts of strain 15-28 prepared in TS buffer containing 10 mM\I \Ig++ and 0.1 M K+ and centrifuged in sucrose density gradients, 70S ribosomes are present. Under these ionic conditions the excess RNA in 15-28 is found in particles with a sedimentation coefficient of about 50S, which form a major peak between the 70S ribosomes and the 30S subunits. In similar extracts of strains 15TP nearly all the ribosomes are present as 70S particles (Fig. 3) In normally growing cells the 438 particles contain about 5 per cent of the ribosomal RNA,"°and since this RNA is present as complete 23S molecules, the conversion of a neosome to a 50S ribosomal subunit involves only the addition of protein" and, possibly, associated changes in quaternary structure. The reason for the abnormally high concentration of 43S particles in strain 15-28 is not known, but it is likely that one of the structural proteins of 50S subunit has been altered by mutation. Alternatively, an enzyme could be altered, for example, one of the methylases which catalyze the transfer of methyl groups from S-adenosylmethionine to certain bases in ribosomal RNA.14 Procedures have been described for the analysis of ribosomal proteins,'5 16 and application of these procedures may help to decide if any of the proteins of 50S ribosomes from 15-28 are altered or missing when compared with those from the parent strain. The quantity of 43S particles produced in 15-28 makes it feasible to purify these particles sufficiently to permit a detailed study of the final stages of ribosome assembly. Our data show that per unit of protein, strain 15-28 has about 70 per cent of the number of 70S ribosomes of the parent strain. This difference by itself is insufficient to account for the very slow rate of growth of the mutant and suggests that the ribosomes in this strain may be functionally deficient. To test this possibility, ribosomes were purified from cell-free extracts of the parent and mutant strains and their ability to support protein synthesis in vitro was compared. Centrifugation in sucrose density gradients was used to prepare 70S ribosomes virtually free of 43S particles. Figure 4 is increased threefold (Fig. 5) 
